EARLY REPAIR IN MARROW CELLS IN VIIVO
ments. For some experiments, Swiss mice from the same colony were used. The techniques used in the marrow transplantation procedure were similar to those described previously (4, 9). In the course of this work, it was found that anomalous results may be obtained if the mice used as donors of marrow cells and the mice used as heavily irradiated recipients of marrow transplants were not of identical strains. In particular, the use of C57B1 marrow for transplantation into C57B1 x C3H F1 hybrids yielded unusually low colony counts, as will be discussed in a subsequent publication.
Irradiation Techniques
The irradiation procedures were similar to those previously described (9) . Irradiation of recipient mice was carried out with 280-kvp X-rays, HVL 1.12 mm Cu, at an exposure dose rate of approximately 150 r/min. For some experiments, 200-kvp X-rays, HVL 1 mm Cu, were used. For irradiation of marrow cells, Co60 y-rays were used at a dose rate of about 50 rads/min. Dosimetry was based on air ionization measurements made with a Philips vibrating-reed electrometer and on absorbed dose measurements made with the ferrous ammonium sulfate dosimeter (10).
Irradiation of Colony-Forming Cells in Vivo
The method for measuring the number of cells in a marrow suspension with the capacity to give rise to colonies in the spleen has been described (4). The modification of the technique to allow the irradiation of these colony-forming cells after their implantation within the animal has also been described (9). In brief, in the in vivo method, the recipient animal receives a portion of the large dose of wholebody radiation required to suppress the formation of colonies from endogenous cells (see below). After this, the cells are injected, and a period of time in excess of 1 hour is allowed, as this interval has been found to be sufficient to allow the cells to manifest the radiation sensitivity characteristic of the in vivo situation (9) . After this interval, a second dose of whole-body radiation is given with Co60 y-rays. The two doses are so arranged that their sum is 950 rads. However, while the recipient animal receives the total dose of radiation, the injected cells receive only the dose delivered in the second exposure. Evidence has been presented to show that the injected cells respond to irradiation in vivo by this technique in a quantitatively similar way to cells irradiated in situ (9) . In order to study the effect of dose fractionation, this design needs only to be modified by delivering the dose, after the injection of the cells, in two parts, with an interval of time between them. An example will illustrate the method used in dose-fractionation experiments. If the cells of a transplant are to receive two doses of 200 rads with an interval between the doses, the following procedure is used: First the animals receive 550 rads of X-rays. Then, an appropriate number of marrow cells are injected intravenously in /2 ml of suspending fluid. After an interval of 1 hour, the animals receive 400 rads of Co60 y-rays in two equal doses separated by the desired interval of time.
Ten days after the second y-ray dose, the animals are killed, their spleens are fixed in Bouins' solution, and the number of macroscopic colonies visible in the fixed spleen is determined.
Endogenous Colony Formation
In the example described above, the cells of the transplant received a total of 400 rads of y-rays, and the recipient animals received a total dose of 950 rads of X-and y-rays. The latter high dose is required to suppress the appearance of colonies in the spleen due to survival of the animals' own colony-forming cells, and it is sufficiently high to yield an average of less than one "endogenous" colony per spleen even under the conditions of dose fractionation used in the experiments reported in this paper. Lower doses allow the appearance of such endogenous colonies. The number of endogenous colonies visible after 11 days is related to radiation dose in the manner to be discussed under Results (see Fig. 4 ). Cobalt-60 y-rays were used in all studies of the effect of radiation on endogenous colonies.
RESULTS

Cell Survival after Fractionated Doses in Vivo
The dose-response curve for colony-forming cells after a single dose of y-rays in vivo has been published (9). This curve. shown in from the extrapolation number of 1.5 for the single-exposure survival curve (Fig.  1) . However the difference is not statistically significant (P > 0.2).
Validity of the Intermediate Minimum
The intermediate minimum at about 11 hours could result from a change in the slope of the survival curve rather than a change in extrapolation number. In order to test for this possibility, a survival curve was constructed for an 11-hour interval between the doses. A first dose of 200 rads was again used. The results of two experiments, shown in Fig. 2, curve c, similar to the radiation sensitivity of transplanted colony-forming cells (Fig. 1) . It is also apparent that, in this particular experiment, a higher level of surviving endogenous colony-forming cells was found in females than in males. This difference, which preliminary experiments indicate may be due to a difference in the number of colony-forming cells in the spleens of males and females, has no detectable influence on the results of experiments in which the transplantation technique is used, since, in isologous hosts, the sex of neither donor nor recipient has been found to influence the survival of colony-forming cells.
Applying this method to a test of the effect of dose fractionation on endogenous colony-forming cells yielded the results shown in Fig. 5 . The figure shows the time dependence of the survival ratio of endogenous colony-forming cells for the particular pair of doses used (first dose, 400 rads; second dose, 300 to 350 rads). Though the statistical spread of the data is quite severe, the existence of an initial maximum and an intermediate minimum in the kinetic curve, similar to that shown in Fig. 3 , is apparent. The survival ratio observed in these experiments was In the absence of information concerning the duration of radiation-induced division delay in spleen colony-forming cells in vivo, it is not possible to establish with certainty that the early repair process described above for colony-forming cells is recovery in the sense defined by Elkind (7), who has applied the term only to changes in survival occurring during the period of division delay. It is still possible that the changes reported here are the result, in part, of cellular proliferation. This type of change Elkind has termed "repair." We prefer the designation "regeneration" for the effects of cellular proliferation, and in this paper we have used "early repair" as a more general term indicating processes that increase the number of surviving cells during the first day after irradiation. Experiments designed to elucidate the kinetics of proliferation of colony-forming cells in vivo are at present under way. 2. A study of the kinetics of the early repair process indicated that early repair reached an initial maximum at about 5 hours after the first dose fraction, followed by an intermediate minimum at about 11 hours.
3. An assay procedure which may be used for the study of the behavior of spleencolonizing cells in situ has been developed.
